Background: The effects of multiple-modality exercise on arterial stiffening and 13 cardiovascular fitness has not been fully explored. Objectives: To explore the influence of a 14 24-week multiple-modality exercise program associated with a mind-motor training in 15 cardiovascular health and fitness in community-dwelling older adults, compared to multiple-16 modality exercise (M2) alone. Methods: Participants (n=127, aged 67.5 [7.3] years, 71% 17 females) were randomized to either M4 or M2 groups. Both groups received multiple-18 modality exercise intervention (60 min/day, 3 days/week for 24-weeks); however, the M4 19 group underwent additional 15 min of mind-motor training, whereas the M2 group received 20 15 min of balance training. Participants were assessed at 24-weeks and after a 28-week 21 non-contact follow-up (52-weeks). Results: at 52-weeks, the M4 group demonstrated a 22
Square-stepping exercise (SSE) is a novel, group-based, low-intensity exercise 4
program that has been shown to be associated with improvements in lower extremity 5 functional fitness and reduced fall risk factors in older adults at high risk of 6 falling. (Shigematsu et al., 2008) The SSE intervention is characterized as a visuospatial 7 working memory task, with a stepping response on a gridded floor mat, and thus, may 8 be considered as a type of mind-motor exercise. ) Recent evidence has 9
suggested that SSE may improve global cognitive functioning and certain specific 10 cognitive domains (i.e., memory, executive functioning, attention and mental 11 flexibility). Shigematsu, 2014 ; Teixeira et al., 2013) Nonetheless, the 12 influence of SSE on cardiovascular health and fitness has not been strictly evaluated. 13 In this study, we explored the secondary outcomes from a recently completed 14 RCT. ) Specifically, we investigated the influence of a group-based, 15 multiple-modality exercise combined with a novel form of mind-motor training (i.e., SSE), 16 compared to multiple-modality exercise alone on arterial stiffening, arterial compliance, 17
VO2max and ambulatory blood pressure in community-dwelling older adults at risk for 18 cognitive impairment. We hypothesized that the addition of a mind-motor training 19 component to the multiple-modality exercise intervention would lead to improvements in 20 the aforementioned cardiovascular outcomes to a greater extent compared to the 21 multiple-modality exercise alone. 22 
Materials and Methods

Follow-Up
Randomized (n=127) Figure 1 . Diagram illustrating flow of participants in the 24-week randomized controlled trial with a 28-week follow-up period. * 4 participants were excluded from analysis because the assessments could not be completed (M2, n=2; M4 n=2).
addition to the standardized exercise training, the M4 group underwent 15 min of mind-1 motor training (i.e. SSE), whereas the M2 group underwent 15 min of training that 2 involved balance, range of motion and breathing exercises (i.e., types of exercise with 3 evidence that they benefit cognition). Error! Reference source not found. illustrates the 4 training protocol in detail. Aerobic exercise intensity was prescribed via target heart rates 5 (HR) determined prior to the beginning of the program. During the AE portion of each 6 session, participants were encouraged to keep their HR at 65-85% of predicted 7 maximum heart rate (HRmax) and/or at a rating of 5-8 on the 10-point modified Borg 8
Rating of Perceived Exertion (RPE) scale. Monitoring of target HR during each session 9 was conducted part way through and after the aerobic component. Participants were 10 instructed to record HR and RPE immediately after each monitoring in a training log 11 provided by the research team. The Step Test and Exercise Prescription (STEP™) 12 tool(Stuckey, Knight, & Petrella, 2012) was used to predict HRmax (see methods section 13 2.5.3 for details). Target HR were recalculated at 12-weeks via the STEP™ to adjust for 14 progression in the aerobic training. 15
The Square Stepping Exercise (SSE) Protocol 16
The SSE is a group-based activity performed on a gridded floor mat (2. 
Study Outcomes 1
In this study, we examined the secondary outcomes from a larger RCT ( were performed after obtaining written informed consent and prior to randomization. 20
24-hour Ambulatory Blood Pressure Monitoring 21
On the first day of assessments in Woodstock, ON, Canada, participants were 22 fitted with a 24-hour ambulatory blood pressure and heart rate monitor (Model 90207, 23
Spacelabs Inc., Redmond, WA, USA). A total of 40 readings were assigned to be 24 recorded over a 24-hour period, with one measurement collected in intervals of 30 min 25 between 6:00 and 22:00 (daytime), and a once every 60 min between 22:00 and 6:00 26 (nighttime). Individuals were instructed to relax the arm and remain still during the 27 measurement. Should an error had occurred, the monitor performed a second attempt 28 two minutes later. An activity log was provided to record any events that could impact 29 blood pressure and heart rate, such as physical activity or stressful situations over the 30 24-hour period. A minimum of 28 successful readings (70%) were required for statistical 1 analysis. 2
Common Carotid Arterial Ultrasonography 3
On the second day of assessments, in London, ON, Canada, participants 4 underwent common carotid arterial ultrasonography. Participants were instructed to: not 5 to engage vigorous physical activity or drink alcohol for 24 hours, avoid caffeine intake 6 and smoking for 12 hours, and fast for 4 hours preceding the ultrasound measurement. 7
Participants were instrumented with a standard three lead electrocardiogram and 8 underwent 10 min supine rest in a quiet, temperature controlled room. With the 9 participant's head rotated to the left, a 10 MHz transducer was placed longitudinally 10 along the right carotid artery, 1-2 cm proximal to the carotid sinus, in order to obtain two-11 dimensional B-mode ultrasound images (Vingmed System 5, GE Ultrasound A/S, 12
Horten, Norway). Right common carotid arterial diameters were measured in triplicate 13 from wall to wall, and from wall to intima media layer at end diastole and peak systole, intervention and outcome), we decided to take this number into account. Therefore, a 21 sample size of 52 participants per group would have an 80% power at the 5% 22 significance level to detect a moderate effect size of 0.55. Taking into account a dropout 23 rate of 20% during the 24-week intervention period, our final sample size was estimated 24 at 130 participants, 65 in each group. 25
Statistical Analysis 26
Analyses were performed according to an intent-to-treat approach, including all 27 randomized participants (according to their random allocation), regardless of compliance 28 with the program and follow-up assessments. Descriptive exploratory statistics were 29 conducted to assess data normality and homogeneity of distributions. Assumptions for 1 each parametric test were properly tested prior to data treatment and variables were 2 transformed as necessary. We applied linear mixed models for repeated measurements 3 to assess differences between groups in mean change from baseline at 24 used to analyze differences within M4 and M2 groups from baseline to 24 and 52 weeks. 8
Significant changes were assessed using an alpha of 0.05; therefore, any two-sided p-9 values less than 0.05 were claimed as significant. Interpretation of study results were 10 primarily based on mean estimation and associated 95% confidence interval (CI). The 11 analyses were performed using the IBM ® SPSS ® Statistics, Version 23 for Windows 10. and at 52 weeks, 10 participants did not attend to follow-up assessments. At 24 weeks, 23 81% (n=102) of participants had completed the study and the average attendance to the 24 exercise sessions was 71% (51 out of 72 sessions). 25
Baseline Characteristics and Demographic Information 26
Baseline data regarding participant characteristics, demographic & clinical 27 information, and study outcomes are presented in Table 2 . Briefly, approximately 70% 28 (90) participants were female, predominantly white (97.6%), and on average, 29 participants were in their late 60s, with no signs of dementia (MMSE ≥ 29) or severe 1 cognitive impairment (MoCA ≥ 25). Furthermore, the major medical conditions among 2 participants were hypertension (~53%), hypercholesterolemia (~40%) and type 2 3 Diabetes (~9.5%). As expected, baseline demographics and clinical characteristics were 4 balanced among groups. 5 1
Results of Comparisons between and within Groups 2
After the intervention period (i.e., at 24 weeks), no differences between groups 3 were observed in any of the study outcomes. At 52 weeks, the M4 group demonstrated 4 a greater VO2max compared to the M2 group (mean difference between groups: 2.39 5 Although there were minimal to no differences between groups for the variables 3 examined at either 24 or 52 weeks, there were numerous within-group changes over 4 time (see Table 3 ). In summary, the M4 group demonstrated a positive change in 5
VO2max at 24 weeks (1.93 ml/kg/min, 95% CI: 0.82 to 3.05, p = 0.001) and 52 weeks 6 Abbreviations: M2, multiple-modality group; M4, multiple-modality, mind-motor group; CAC, carotid arterial compliance; IMT, intima-media thickness; VO2max, maximal oxygen consumption; SPB, systolic blood pressure; DBP, diastolic blood pressure; 24 h DBP, diastolic blood pressure; Day SBP, daytime systolic blood pressure; Day DBP daytime diastolic blood pressure; Night SBP, nighttime systolic blood pressure; Night DBP daytime diastolic blood pressure; Rec-FD, frequency and duration of recreational activity.
Improvements from baseline in § VO2max (both groups, at 24 and 52 weeks), π Recreational FD (M2 at 24 weeks), ¥ Recreational FD (M4 at 52 weeks), † 24 h SBP (M2 group at 24 weeks), and ‡ 24 h DBP (M4 group at 52 weeks).
A Calculated from linear mixed effects regression models that included group (M2 or M4), time (baseline, 24 and 52 weeks), and group × time interaction terms. A total of ten models were run-corresponding to each mobility outcome listed in the first column.
Discussion 1
The objective of this study was to investigate the influence of multiple-modality 2 exercise combined with mind-motor training (M4), compared to multiple-modality 3 exercise alone (M4), on cardiovascular outcomes in a sample of community-dwelling 4 older adults with self-reported cognitive complaints. In this study, we found that 5 differences between groups were observed only at 52 weeks for VO2max, where the M4 6 group showed a greater improvement compared to the M2 group. In within-group 7 analyses, both groups demonstrated positive changes from baseline in VO2max (M4 = 8 7.14%, M2 = 8.5%) to 24 weeks; however, no differences between groups were seen. 9
Positive changes from baseline were also observed in the M2 group for 24 h SBP 10 (1.78%) at 24 weeks, accompanied by ~16.5% increase in Rec-FD; whereas, the M4 11 group demonstrated improvements at 52 weeks in 24 h DBP (-2.21%) from baseline with 12 a nearly 27% augmentation in Rec-FD. The changes observed in 24 h SBP and DBP did 13 not lead to significant differences between groups at either 24 or 52 weeks, similar to the 14 changes in Rec-FD. 
Improvements in VO2max 27
The major finding of this study was the improvement in VO2max after the 24- 
Follow-up Results 28
It is remarkable that after the 28-week non-contact follow-up, the M4 group 29 demonstrated improvement VO2max and reduced 24 h DBP. Firstly, this suggests that 30 the M4 group potentially remained more physically active following the intervention. This 1 assumption can be supported taking into account the slightly change-although 2 significant-in 24 h DBP (-2.31%) and greater VO2max improvement (14.83%) at 52 3 weeks. Actually, everyone who participated in our study received orientation to continue 4 exercising after the intervention endpoint; however, no additional support or orientation 5 was provided by the researchers, and no contact was made with the participants until 6 their final assessments. In fact, after concluding the primary analyses in this study, we 7 decided to look for changes in the levels of recreational physical activities (Rec-FD; e.g., 8
walking, bicycling, swimming) at 24 and 52 weeks using the Phone-FITT questionnaire. 9
As such, we noticed that the M4 group had shown nearly 27% increment in Rec-FD after 10 the follow-up assessments compared to baseline. Secondly, we could attribute these 11 superior changes in the M4 group to the mind-motor component that was administered 12 in the sessions; nonetheless, this assumption is unlikely be true, especially due the 13 following reasons: a) no differences between groups were observed immediately after 14 intervention in any of the variables (except 24 h DBP in M2), which suggests that both 15 programs had equal or no impact on the study outcomes; b) participants in the M4 group 16 were not provided with the SSE mat to keep practicing during the follow-up period, 17 therefore, no influence of the mind-motor training during the 28-week follow-up can be 18 inferred. 19
Study Limitations 20
The absence of a non-intervention control group is a major limitation of this study, 21
as we could have seen significant difference in the remaining variables if the between-22 group comparisons had included a group of participants who had not taken part in any of 23 the intervention programs. Another limitation relates to the CAC and IMT measurements; 24 although participants were provided with very specific instructions 24 hours prior to the 25 carotid arterial ultrasonography, compliance to these recommendations was not 26 monitored or enforced. There were also limitations regarding the power of our statistical 27 analyses, particularly due to the fact that our sample size was calculated based on an 28 effect size associated with a different outcome (i.e., global cognitive functioning)-this 29 could be the reason why in some instance, no differences between and within groups 30 were found in the remaining variables. Also, AE intensity was controlled based on target 1 HR defined prior to the intervention and participants were oriented to monitor their own 2 target HR; as such, the AE intensity relied on participants voluntarily and accurately 3 assessing their HR, which could have created room for underestimations. Finally, we 4 recruited high functioning, community-dwelling older adults with self-reported subjective 5 cognitive complaints, living in Woodstock, ON, Canada, predominantly Caucasian and 6 females. Thus, our findings may not be generalized to other populations, including older 7 adults with severe cognitive and/or mobility disorders, different ethnic and cultural 8 backgrounds, social and economic status. 9
Conclusion 10
This study investigated the influence of multiple-modality exercise combined with 11 mind-motor training compared to multiple-modality exercise alone on cardiovascular 12 outcomes, in older adults at risk for cognitive impairment. Our results suggest that the 13 addition of a mind-motor component to the standardized multiple-modality exercise Foundation. The funding sources for this study had no involvement in study design or in 3 the collection, analysis or interpretation of data. 4
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